Graphene has emerged as an exciting material today because of the novel properties associated with its two-dimensional structure.
2 changes in the Raman spectrum. 6, 7 Charge-transfer by donor and acceptor molecules soften and stiffen the G band respectively. The difference between electrochemical doping and doping through molecular charge transfer is noteworthy. It is of fundamental interest to investigate how these effects compare with the effects of doping graphene by substitution with boron and nitrogen and to understand dopant-induced perturbations on the properties of graphene. Secondly, opening of the band-gap in graphene is essential to facilitate its applications in electronics and graphene bilayers 11 are an attractive option for this. With this motivation, we have prepared, for the first time, B-and N-doped graphene bilayer samples employing different strategies and investigated their structure and properties. We have also carried out first-principles DFT calculations to understand the effect of substitutional doping on the structure of graphene as well as its electronic and vibrational properties.
To prepare B-and N-doped graphenes, we have exploited our recent finding that arc discharge between carbon electrodes in a hydrogen atmosphere yields graphenes (HG) with two to three layers. We have prepared B-doped graphene (BG) by two methods involving arc discharge of graphite electrodes in the presence H 2 +B 2 H 6 (BG1) and by carrying out arc discharge using a boron-stuffed graphite electrode (BG2). We have prepared nitrogen-doped graphene (NG) by carrying out arc discharge in the presence of H 2 +pyridine (NG1) or H 2 +ammonia (NG2). We have also carried out the transformation of nanodiamond in the presence of pyridine (NG3) to obtain N-doped graphene. All the doped samples were characterized by variety of physical methods.
X-ray photoelectron spectroscopic (XPS) analysis showed that the BG1 and BG2 contained 1.2 and 3.1 at% of boron respectively, while the electron energy loss spectroscopy (EELS) data showed the content of boron in these samples to be 1.0 and 2.4 at% respectively.
In Fig. 1a , we show typical core-level XPS data of BG2 along with the elemental mapping by EELS. XPS data show NG1, NG2 and NG3 to contain 0.6, 0.9 and 1.4 at% of nitrogen 3 respectively. In Fig. 1b , we have shown XPS data of the NG2 sample along with EELS elemental mapping. The asymmetric shape of the N 1s peak indicates the existence of at least two components. On deconvolution, we find peaks at 398.3 eV and 400 eV, the first one being characteristic of pyridinic nitrogen (sp 2 hybridization) and the second of nitrogen in the graphene sheets. 12, 13 Analysis of the (002) reflections in the X-ray diffraction (XRD) patterns
showed that the B-and N-doped samples contained 2-3 layers on an average. This is also confirmed by the TEM images (see Fig. 2 for typical TEM images). Atomic force microscopy images also showed the presence of 2-3 layers in the BG and NG samples, with occasional presence of single layers. TGA shows that the B-and N-doped samples undergo combustion at a slightly lower temperature than the parent graphene (580 o C).
We have examined the Raman spectra of all the BG and NG samples in comparison with the spectrum of the pure graphene sample (HG), prepared by the H 2 -discharge method.
We show typical spectra in This is also reflected in the almost symmetric shift in Fermi energy with B-and Nsubstitution, which were seen to be associated with large and small structural relaxation respectively. It is indeed encouraging because this means that effects of doping should scale reasonably well to lower concentrations.
As Raman spectroscopy is ideally suited for the characterization of doped graphene [5] [6] [7] [8] [9] [10] , it is important to know how it correlates with the concentration of carriers or dopants. The shift in the G-band frequency measured by Raman spectroscopy has many physical contributions and we use our calculations to uncover the relative magnitudes of these. Unexpected purely on the basis of the lengths of B-C and N-C bonds, in the context of carbon nano-tubes, Yang et al 16 and Coville et al 17, 18 had reported an interesting finding that the G band shifts are in the same direction. We demonstrate (see Table I Our observation on the non-segregating tendency or the homogeneity in the distribution of boron implies that the disorder or the number of possible configurations will increase with the concentration of dopant atoms and result in more prominent peaks of the D-band, as evidenced in the measured Raman spectra reported here [see Fig-3 ]. Secondly, the changes in frequency of the Raman 2D-band can be understood from our results for the phonons at K+ΔK accessible in the spectrum of Γ-point phonons, determined for the 4x4 supercell. We find that the shifts in the frequency of phonons at K+ΔK are comparable to the observed values (see Table I , lower panel) and much weaker in magnitude than the ones at K, reaffirming the strong Kohn-anomaly in the phonons at the K-point. We note that the eigenmodes of the G-band and D-band (see Figure 5 ) also change with doping by developing features in the atomic displacements localized near the dopant atoms, providing a physical picture why these modes could be used to characterize the nature of dopant atom and its effects on the electronic structure of graphene or of bilayer-graphene. Frequencies given here are before adding dynamical corrections. 
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Graphical abstract:
We present the structure and properties of boron and nitrogen doped graphenes, obtained by more than one method involving arc discharge between carbon electrods or by the transformation of nano-diamond in an appropriate gaseous atmosphere. Using a combination of experiment and first-principles theory, we demonstrate systematic changes in the carrierconcentration and electronic structure of graphenes with B/N-doping, accompanied by stiffening of the G-band and intensification of the defect related D-band in the Raman spectra.
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